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PREFACE 
This thesis is a repor t of the geology and producing 
characteristics of the Ly tt on Springs oil field located in 
Caldwell County , Texas. X- ray diffraction techniques and 
thin sections were employed to study the mineralogy of the 
altered igneous rock commonly referred to as serpentine j from 
which the oil is being produced . Decline curves were used 
to study the production characteristics of the field and to 
make predictions as to the effect of gravity drainage on 
future production. 
This work is the result of a suggestion made by 
Dr . H. H . Power, Department of Petroleum Engineering.I' The 
University of Texas, to whom I wish to express gratitude 
for his guidance and counsel. Appreciation is also expressed 
to Dr . s . E . Clabaugh for his invaluable assistance in de ­
scribing the mineralogy of the altered igneous rock . My 
wife, Louise , is also due acknowledgement for her patience , 
understanding and encouragemen t during this work. 
Scott Petty .I' Jr. 
July 21, 1961 
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CHAPTER I 
INTRODUCTION 
The Lytton Springs oil field, located in Caldwell County , 
Texas , is one of more than seventeen fields producing from 
an altered igneous rock , commonly referred to as serpentine, 
1that have been discovered i.n the Coastal Plain of Texas . 
The producing formation , which lies approximately 1200 feet 
below ground level , covers a nearly circular area and has 
structural relief of over 600 feet. The altered rock is the 
aftermath of an explosive volcano which broke forth during 
the late Cretaceous . 
Production from the field during the first few years was 
the result of solution gas driv~ but due to lack of gas and 
pressure most of today's production is being attributed to 
. d . 2gravity rainage . Accumulated production to January, 1961, 
was somewhat over nine million barrels of oil, which repre­
sents only about 30 percent of the estimated twenty-seven 
million barrels of oil originally in place . The possibility 
of the recovery of a few percent of the eighteen million 
barrels of remaining oil is significant enough to warrant 
further studies of this field . 
Until recently very little mineralogical work had been 
done on the type of rock from which the oil at Lytton Springs 
1 References are given at end of thesis. 
1 
2 
was being produced . In a fairly recent publication , a very 
similar rock from Pilot Knob at the outskirts of Austi was 
examined with x - ray diffraction techniques and found to be 
3
composed chiefly of montmorillonite minerals. From the 
conclusions reached in the above paper , it is obvious that 
before any additional stimula · ion techniques are trie d at 
Lytton Springs, the "serpentine " should be analyzed to 
determine whe t her or not it contains montmorillonite which 
hydrates readily when in contact with most waters . Informa­
tion also of interest for any future work in this field would 
be the present and future location of the best oil saturation 
per acre-foot of rock. If gravity drainage has a large role 
in production at the present time it is quite possible t hat 
future tests should be carried out on the flanks of the dome 
rat her than in the center of the mass. This investigation 
was carried out to arrive at a better idea of the composi­
tion of the ''serpentine" rock and also to determine what 
effect, if any , gravity drainage has had on past production 
an d what possible effect it will have on the location of the 
most advantageous area to commence future secondary recovery 
operations . 
CHAP TER I I 
LO AT .ON AND HIS TORY 
The Ly : t on Springs oil field is located in a portion of 
th e Gulf Coa st al Plain i n Caldwell County , Texas . I t lies 
appr ox ima tely twen t y -·eigh t miles south of Austin , t wo miles 
sout h ea st of the town of Ly : .on Springs and eight mile s nor th­
ea s t o f Lo c khar t . The main Balcones faul t zo ~ e is abo u t fif ­
teen miles to the nort hwest and t h e Luling - Mexia fa u lt zone 
4is about fi v e miles s ou t heas t . The field is s i t uated upon 
a small oval hill; h owever the surface relief of that imme ­
diate area probably does no t exceed one hundred feet . The 
area is d r ain e d by Wa l n ut Creek which empties in t o t h e Colo­
rado Ri v er . 
Mr . ohn Blanc h ard with the Gulf Produ ct i on Co mpany first 
5
mapped c he surface s t ructure of the Lytton Springs field . 
The discovery well , drilled by Lefevre and Storey, wa s c om­
pleted on March 13 , 1925 . I t was located in t h e nor;. h we st 
c orner of Lea s e 13 i n . he J onathan Burleson Survey . The dis ­
c ove r y well is reported t o have had an initial fl o wing paten­
5
tial of seve nt y~ five barrels of o il per day : wi t h no water . 
To da t e there have bee n a t ot al of 461 wells drilled, o f 
which 95 were dry holes a n d 366 were producers . It is r eported 
that by Ma rch 1 1926 1 t h ere were 366 wells d r illed , of wh ich 325 
. 6 
were pro d u ct ive . Th e mai n ru sh of drilli n g came duri n g t he 
3 
4 
firs . five mon t h s af t er discovery . From early records cf 
the Texas Rai. lroad Commissio n , the average time t o d r i l l and 
c ompl e t e tbe we ll s was appr o xima tel y t we l ve days ; howeve r 
there are records t o show that a t least one well was dr illed 
to a dep c h of 1870 feet a n d c o mpleted within a fif ~ y - si x ho u r 
. d 5perLo • 
The pe ak productio n for th e field was reac e d a b o u t four 
an d one-half months af t er disco v ery, when the produ ct ion 
averaged 15 , 000 barre ls daily . P ro du cti.on a t the presen ti me 
is averaging 116 barrels daily. During the fi rst year the 
f ield pr oduce d over 2 1 500 , 000 barrels of oil, and has a cumu­
lati ve produ ct ion record through December 1960 of s l i g h tly 
over 9,000 1 000 barrels . Th e oil produced is abou t 3 8 . 5° AP I 
and has a p ara ffi n co nte nt between 6 and 7 per cent . 
CHAP TER I ll 
GEOLOGY OF ON-PROD UCTIVE ROCKS 
The formation s exposed a t the surface in the vicinity of 
the Ly Lton Spri . gs field are th e Wilcox and Midway o f the 
6Lower Eocene " Th e regional geology of the area surrounding 
the Ly t t o n Springs field is illustrated i n Figure 1. Th e 
larger oil fields are noted along with the locations of a 
few fields in t h e area th a are producing or have produced 
from rocks similar to those yielding oil at Lytton Spri n gs . 
The dome on which the field is located is easily recognized 
from outcropping forma ions . Figure 2 shows the su r face 
geology of the Lytton Springs field and immediate area . In 
addi t ion to the outcropping formations, formati on s of the 
Upper a n d Lower Cretaceous were encoun t ered i n the c ourse of 
drilling wells in the area . Table 1 shows the typi c al geo ­
logic column of the Coastal Plains area . 
The normal dip of he surface strata is betwee n 1 a n d 
2 degrees to the sout h ea st and t he strike in general paral­
7lels tha t of the main Balcones fault zone , or Nort h 35° Eas t . 
The Midway formation has bee n subdivided into three groups for 
purposes of illustration to show the doming effect of the 
producing rock . The subdi v isions used are tho se proposed by 
Collingwood and Rettger, and are based upon li thology­
. 6 
c oncretions and percen t ages o £. greensand . 
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FIG. 2 
AREAL GEOLOGY 
After ' 6collingwood, Ro w and Weeks 
LYTTON SPRINGS FIELD 
CALDWELL COUNTY, TE XAS 
---...--..... 
Co'Tlpiled by 
Scott Petty, Jr. Augu$t 96 1 
~- Lease Reference Numte' 
Present Productive P"::'· - i: · -::· 
8 TABLE 1 
GEOLOGIC FORMATIONS IN THE COASTAL PLAIN OF TEXAS 
System Series Group & Formation Thickness Lithology 
I Dark - green, brown, and yellow sands,H <lJ 
•.-l c Mount 640 
- thi.n lenses of li.gni.te andC'(j H 
.-1 0 Selman 820 limonite .u...a 
Coarsely crystal l ine. brown sand-
Carrizo 300 
-
stone, cross-bedded and calcareous , 
Sandstone 800 Also bedded gray fine-grained 
:>-, ><: 
sandstone .H 0 micaceous 
C'(j <lJ u clays
·.-l p .-1 Lenses of sand, sands tone,
•.-l Indio .350.w <lJ ~ - and lignite. Petrified wood isH u 
<lJ 0 forma ti.on 840H rx:l common. 
Midway 260 
- Marine clays and limes tones 
formation 566 
Bluish-black marls and glauconitic 
clays; yellow-brown sands wi.th 
hard, sandy limestone concretions . 
Navarro 400 
-
forma ti.on 500 
Blue calcareous clay marls 
Taylor 475 -
~ marl 1.150 1// / / / / / / / / / / / / 
.-1 
::l 
(!) 
of(/) Stratigraphic position
::l 
0 "Serpentine" body
<lJ 
u 
C'(j 
.w 
<lJ Austin chalk 275 
-H 
''''""'""--....__' ........ '' ,......._, ' u 600 Impure chalk with thin beds soft marl 
Eagle Ford 25 
-
Laminated petroliferous shale and 
shale 260 thin limes tone beds , 
Buda 0 
-
Whiti sh or yellowish cavernous 
C'(j limestone 80 limestone , 
.w Del Rio 30 Greenish-blue laminated clay with·.-l 
-
.c 
clay 200 thin slabs of shell breed.a.(/) 
~ Georgetown 15 Grayish marly limestone-
limestone 150 
Edwards 250 
- Hard white limestone with flint 
00 limestone 835? nodules. 
H 
<lJ ::l Comanche Peak 60 + Heavy-bedded white marly limestone..c ...a limestone -u (/) 
~ ~ Walnut clay 25?00 Marly lami.na ted yellow clays ~ u ·.-l 
0 ).< Glen Rose 300 
-
Limestone with three notablyu "O 
<lJ limestone 600 sandy_hori.zons:-. 
µ., Travis Peak 250 
-
Sand and limestone with bands of
sand 300 lim<>st-nne 
After : 8Deussen 
9 
Faul t i n g and f ldi 1 g have ca e d r e p e t i i . o n o f ma n y 
of t ~e bed s i n s urf ac e outc r o p s . wo f a u lt s and p oss ibly 
6 
more h a v e b een l oc a t ed on E s ur fac e . Bot fa ult a re 
tre n ding i n a nor t hea s _ e rl y d i · ection and are up th rown to 
the s ou t ea st.. ... e most importan t. fault ( A ·~ B ) ext e n d s sou th-
we st f ro m ab o u t t h e center of t h e field and has a n av e r a ge 
displa c eme n t of around 100 feet . The other faul t ( C- D) is 
not def in i t ely proved t o be prese n t but was u s e d by Co l ling -
wood and Re t tger to e x plain t h e surface expo s ure s e co un t ered 
. .in t h at 1 oc a t ion . 6 Fault C- D is also striking in a nor t ­
easterfy dire c tion and upt h rown to the sout h east . Th e pre ­
ceeding faults are probably some of the nort hwes t ern faults 
of the Luling - Mexia faul t zo ne wh ich trends appr o ximately 
0No rt 35 East and is up t . r o wn to t e southeast. . T e main 
faults of t 1e Luli.ng - Me x ia zo ne are located abou . five miles 
to the sou t hea s t . 
As indic at ed by the outcropping formatio n s i n Figure 2, 
the dome s t ructure of the field is outlined by fol d i n g in 
the Midway and Wilcox fo r ma t. ions . The Lower Midwa y w~ i ch is 
exposed o n top of t h e f i eld is s u rrounded by Middle Mi dway . 
The con t acts be t ween th e Middle and Upper Mi dway, a n d Upper 
Midway and Wilcox formatio ~ s are b o wed t o i n dicate t .e exis t­
ing dome s tru c ture . 
Subsu r face formatio n s e nc ountered in drilling a t. L yt t o n 
Spri n g s were t h ose of t h e Gu lf a n d Camanch e Serie s of th e 
10 
Cretaceous as no ed in TBble 1 . W e r e t . h e a 1 . e r e d i g e o u s 
rock is present , no markers . ave bee ~ distinguished between 
the top o i the Taylor marl and t ,. e b ttom o f he Austin cha lk. 
The Austi_ ha lk has been shown by severa l writers to exhibit 
a doming effect a n d i . ha been proposed that the formations 
underl ying the Austin c _ alk might also be domed o a cert.ain 
6
extent . 
Faulting is also i n dica t ed i n the subsurfa c e f o rmati.ons . 
Evid enc e i s given in t h e l :t era .u re to substantiat Faul. A ·-· B 
6
with subs urface data . One well which is thought t o have cut 
Fault A-B went from Austin cha lk to Edwards limest o ne within 
80 feet indicati.ng a displacemen t for the fault. of 220 feet. 
Most of the wells w...ich are belie v ed tc have cut thi.s faul t 
have produced much larger quantities of water t han he o the r 
wells in the field . As a matter of fact, t he res of t .e 
field is generally lac kin g in water production. The only 
logical explanation for the present water productio n is t hat 
the water is migrati n g upward along t h e fault plane to the 
"serp€ntine" from the underlying Eagle Ford o r Edwards 
formations. 
CHAP TER IV 
GEOLOGY OF ~RE PRODUCTIVE FORMA TI ON 
As s ated earlie r y t h e productive formation at Lytton 
Springs is an altered ig neo u s rock c alled se rp e n tin~ which , 
up un til recently , was tho ug ht t o have been composed most ly 
of th e mi nera l s antigori ~ e a ~ d ch l ori te , Th e mas s was f o rmed 
during t he late Cretaceous wh e n there came i nt o existence a 
chain of vol c a n oes along a belt extending through cen tral 
Texas . Th e se volcanoes brok e forth wit h explosive violen c e 
in t h e sha llow Austin sea and built mounds of rock fragments 
and lava flows whic h were later buried by limesto n e a n d s h ale . 
Figure 17 is a struc t ural map of the top of t he '' serpe nt i ne" 
while Figure 18 is an is o pa cho u s map of c h e mass . Th e c o ne 
shape and a c ertain amou nt of cratering c an be see n i n Cross 
Sections A- A ' and B-B ' Th e exact shape of the mas s is some ­
what doubtful because very few wells actually penetra t ed all 
o f the " serpentine , " and ch e posi t ion or eve n prese nce of t he 
volcanic neck is no more th an a shot i n the dark . Ho we ve r , 
none of th e wells located above the proposed neck have been 
drilled th rough t h e '' serpen t i n e " into sedimen t ary ro c ks . 
The word serpentine in co mmon usage is r estr i ct ed as a 
mineral name to the minerals antigorite and crysotile and as 
a ro ck name to rocks composed mo stly of these minerals . Since 
t he followi n g analyses show th a t the al t ered igneous rock 
11 
--
-----
---
---
---
0 
1500 
WELL a b c d e f g h j k I m 
Georgetown 
TD 
TD 
TD 
TD TD 
--- ___. --- --- __. -- -- \ ·.. 
"SERPENTINE" 
~y::~~S-<.·TD 
TD 
7 
TD 
.··.I 
. .) 
FIG. 3 
CROSS SECTION A-A ' 
LYTTON SPRINGS FIELD 
TD Co Idwell County, Texas TD 
Edwards Vertical Scole: · I"= 50' TD 
Horizontal Scale : I"~ 800' 
S.P. Jr. 196 1 
All Depths are Sub sea . 
Well Locations on FIG . 17. 
A ELEV. 500 FT. 515 517 500 522 515 518 508 509 509 507 504 528 A' 
I S.W. I SEA LEVEL N.E. 
Navarro Fm 
-
--
-
-
Taylor 
Mori 
-··.·. :. ·. ·. ·. 
TD 
TD 
.• :f;;?X;..:' 
500 
1­
w 
w 
LL. 
J: 
I­
ll. 1000 
w 
0 
...... 
N 
--
--
WELL a' b' c' d' g' h' f i' e r k' I' m 1 n 1 p' 
B ELEV. 520 520 521 522 FT. 515 510 515 510 522 496 499 499 520 520 517 FT. e' 
0 •s.E. SEA LEVEL 
Navorro Fm. 
Austin 
-Eagle tord_ 
-·--­
-·---­
Taylor 
Mori500 
TD 
1­
UJ 
UJ 
LL. TDTD TD:I: 
l­
o.. IOOO 
UJ 
0 TD 
TD 
"SERPENTINE" 
TD lTD . : :· · · :·.· 
Bu do 
___TQ_ .Q!l_.B.i<z_ --~ -..;· .----r;=---- ____
Georgetown ' . 
1500 --- -----------\· ? 
_£ogle f~:.=--
Buda 
_-_-_Del Rio-_-:__-
Georgetown
-------Edwards I Ed words 
TD 
N.W. 
-
-
Taylor 
Mori 
:.l.: .. . 
TD 
;.,;. .·. 
__ 
·_.
.,.,::;;;>·:/ 
Austin Chalk 
-···-~------:-~-----, 
... 
FIG . 4 
CROSS SECTION B-B ' 
LY TTON SPRINGS F IELD 
Coldwel I Cou nty, Texas 
Vertical Sca le : I"= 50 ' 
Horizontal Scale : I" = 800' 
S.P. Jr . 196 1 
All Depths ore Sub sec . 
Well Locations on FIG . 17. 
...... 
w 
14 
cont a in s li t e l e if any a , . igo n i t e , t he name se rpe n tin e is 
tec h ni ca lly in c orr ec t , bu its us age when referring co t e 
oil field un d er st udy is so c ommon that t h e n ame erpentine 
will be u sed t hroug h ou t this work. It should be remembered 
that it is o n l y a name for the altered rock under study and 
is in no way de scri pti ve of the co mposition of the ro ck . 
Cores and s amples of the " serpenti n e" as well as early 
production data were difficult to obtai n . In the early days , 
the opera t ors were more in t er este d in th e oil than the rocks 
from which t he oil c ame J and as a resul t very few samples were 
saved . Ho wever , t he aut hor was able to obtain several cores 
from wells at Lytton Springs as well as cable to o l sample s 
fro m every five feet in Well J, Lease 6. Pi ct ures o f the 
core s may be seen on the fo llowing page . Externally t he rock 
is a dark g ray t o blue green , massive looking fragmen :al ro ck , 
contai n ing crys tal line calc ite a n d pyrit e . Two types of ma te·­
rial seem t o have been e n co u n t ered in drilli n g . Or. e type was 
very soft and essentially massive and was logged as gumb o by 
the early drillers , while the other type was a harder , mor e 
5fragmental mass. The pi ct ures shown here represen t the 
harder " ser p e n t ine . " Indi v idual grai ns a n d good porosity 
are visible in bo th c ore s; however , i n the second p hotograph 
it ma y be noted that one- h alf of the face of t h e co r e has very 
fine-grained ma ssive t exture, wh ile rig ht next t o i t is fou n d 
porous g r anu 1 a r . is go o d visualthe " se r pe n t ine . " This a 
15 
Figure 5 
Photographs of rrSerpentine" Rock 
from Lytton Springs Field 
21 
3 
16 
illus tration of the ov r-all heterogeneity of the f rma ion 
In or er to obtain some idea as to he pr esent co mposi i n f 
the "serpe n t ine , " samples wer e selecte d for x - ray and t in 
secti o n analyses . The samp le s t hat were us ed came from We ll 7 1 
Lease 6, and their depths are indicated in Ta b le 2 . These 
samples were chosen i n s u ch a manner as to give some idea of 
the varia ion, if any 1 i n the 
19 s erpentine'r rock wi t h dep th. 
In addition to thes e sampl es , f ragments from three near by 
" serpen t i ne" plugs (E lgin , Yost and Hilbig) were also s ub­
jected to x - ray analy s is . 
Principles ~ X-r ay Diffraction 
In a manner similar to the ultra - violet , visible and 
infrared radiatio n s , x - rays exhibit a dual nature , behaving 
. 1 9sometime s as waves and other times as partic es . X- ray 
diffrac tion work i s concerned only with the wave nature of 
the X·- rays . X-ray tubes used in diffraction work produ c e x ­
radia r. io n of known wave lengths . 
All crys talline matte r is c omposed of a t oms and mol ec ul es 
arranged in defini t e form s of g e ometric space pa c king , a n d i n 
such a manner that they form definite families of planes in 
10 
var i ous di rec · ions through th e crystal. Th e Bragg rela io n -
ship is used for de t ermining the lattice spacing from the 
reflection angles , At each atomic plane a portion of the 
x - ray beam is reflec t ed a n d the angle of reflection ma y t h ereby 
be related co the s pacing between planes by the foll ow ing 
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stateme t of Bragg 1 s law ~ 
n A, d s in 0 
where ~ n .. an integral number of wa ve le n gths ; 
~ ~ wavele n gth of the x-rays in angstroms; 
d ~ interplaner spacing in a n gstroms ; 
e ~ angle of i nc ide nc e of the x-ray beam 
with the s ample . 
In act u al pra cti c e the a n gle 2 0 with respec t to e und evi .. 
ated incident beam is measure d , a n d , with a knowledge of the 
wave l ength of the x - rays bei n g gen er ated , t h e la tt ice spa c -­
ing, d _. is easily c alcula e d , 
Since the c lay minerals exist for the most part in v ery 
fine pa r icles , some type of x--ray powder metho d must be used . 
The sampl es to be studied were prepared by first cr ushing ea ch 
sample and pa ss ing it through a 325 mesh screen , and then dis -· 
persing i t in enough wa t er to make about 0 , 1 normal solu t ion . 
The samples were then allowed t o stand for 48 hour s 1 during 
which time they were shaken at irregular intervals , This 
allowed enough time f or the montmorillonites y if a ny, to 
hyd rate . After 4 8 hours , a s mall porti o n of ea c h sample was 
placed o n a glass slide and allowed to air dry , in order to 
obtain parallel orie nt a t ion of the platy minerals . When t he 
sample s were dry , they were th e n placed overnight in a de ssi ­
cator, the bottom of which wa s partially filled with a saturated 
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s o lu t i o n of c al c ium ni tr a te t o maintain i t a t 50 p e r ce t 
rel at i ve h u midity . 
As sh o wn in t h e li t e r a t ure , mo ntmorillo n ite possesses t he 
prop e rty c f adsorbing c er t ain organic molecules between the 
indi v idual s ili c ate layers , with a c onsequent s h ift in the 
. 11ba s al s pa c i n g . Treatm e n t with organic comp o unds permits 
the inv estigator to di s tinguis h montmorillonite from various 
othe r mi n e r al s y ielding x - r a y diffraction patt e rns ver y simi ­
lar t o tho s e of mon t morill o n ite . A special method for intro ­
ducing e thylene gly c ol b e tween the layers of mon t morillonite 
3
and c ausing an expansion of the c rystal lattice was used . 
The te c hnique consists of p o uring ethylene glycol into the 
bot .om of a dessica t or and placi n g the slide o n wh ic h th e 
sample wa s sedimented abo v e the glycol . The des s i c ator is 
then heated to 65°C for one hour . Glycola t ion by t his method 
was carried o ut on several samples after a diffraction pattern 
had bee n ru n on the un t reated sample, Because this met h od o f 
glycolation did not change t h e orientation of the mineral 
grains , the patterns obtained before and after trea t men t were 
easily compared . 
Af t er t he samples were prepared , x - ray diffrac t ion patterns 
were obtain from each , and th en from the glycolated samples . 
The pa t terns for the untrea t ed samples were obtained wit h a 
General Electric XRD - 5 x-ra y diffraction ma c hine , usi n g 180° 
arc and Co pper Ka radiation . Th e diffraction pa t terns f or th e 
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glycola ed samples were ob .ained using a 180° arc ! Cr tb 
Ameri a n Phillips C mpany diffrac ometer and Copper Ka radia 
ti on Bo th machines weze calibrated similarly and the re ­
sults were the same regardless of th e machine used . A Lest 
pattern was r un where 20 varied from 2 degrees t o 90 degrees. 
Due to the absence of character isti c reflections pas t 35 de­
grees, the remaining patterns were run only to 40 degrees , 
which i s c o n sidered sufficient for mos _ qualitative clay 
determinations . 
Results 
The interplaner distances obtained from the diffraction 
pat terns are presented for comparison in Table 3 . Th e dif ­
frac t ion tracings for t wo samples that were gly c olated are 
included as Figure 6 , and the resulting interplaner distances 
are compared i n Table 4. 
Since it may be seen th at all of the samples showed a 
fairly constant composition, only Sample 2 ( Figure 6) will be 
considered in detail . Its most characteristic feature is a 
strong peak in the vicinity of 14.7 angstroms , all other peaks 
being considerably weaker. The intense peak in the region of 
15 angstroms and the relative heights and positions of the 
other peaks indicate that the sample is mostly a montmo rillon­
itic material . The lower tracing shows that glycolation 
expanded t he basal spacing from about 14 . 7 to 16.6 angs tro ms, 
and tha t the peak is more intense and better resolved . This 
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Sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
TABLE 2 
SAMPLE NUMBERS AND DEPTHS FROM WELL 7, 
LEASE 6, LYTTON SPRINGS FIELD 
Depth, feet 
Number be low surface 
1610-11 
1628-29 
1661-63 
1693-95 
1713-17 
1732 -·34 
1784-86 
1796-98 
1837-39 
1887-89 
1915-17 
1929-33 
Sample Numbers for Samples from 
Th r e e Ne a r b y n Ser p en t i n e 'r F 1 u g s 
Elgin 
Hilbig 
Yost 
TABLE 3 
RESULTS OF X-RAY DIFFRACTION ANALYSIS 
Sample 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Interplaner 14.48 14 . 72 14.48 14, 72 14 . 48 14 . 72 14 . 72 14.98 14 . 72 14 , 15 14.48 14 . 48 12, 8 14. 72 14 . 72 
Distance in 
Angstroms 9.93 10.04 10.04 10 , 04 10 . 04 9. 93 10 . 91 
7.62 
7. 21 7.19 7.19 7.25 7.25 7.25 7. 21 7.19 7. 19 7.19 7. 19 7. 19 7. 25 7,34 7. 25 
4 . 82 4 . 77 4.82 4. 79 4 . 79 4 . 82 4 . 79 4.79 4 . 79 4.82 4 . 82 4 .87 
4.60 4. 62 4 . 64 
3. 59 3. 59 3.59 3.60 3. 58 3.58 3.59 3 . 57 3. 85 3. 85 
3. 09 3 . 09 3. 08 3. 07 3.59 3. 59 3.61 3. 57 3. 60 3.52 3.50 
3.02 3.02 3.03 3.31 3.34 3.31 
2.87 2.87 2.86 2.88 3.03 3.03 3.03 3.02 3. 07 3.05 3.03 
2. 88 2.84 
l'V 
>--' 
SCALE IN ANGSTROMS 
CY> N 
If) CX) 
rl) ._,: 
Untreated 
SAMPLE II 
Untreated 
Glycolated 
5035° 30° 25° 20° 15° 10° 
FIG . 6. DEFRACTOMETER TRACING OF UNTREATED 
AND GLYCOLATED SAMPLES OF "SERPENTINE 11, 
LYTTON SPRINGS FIELD 
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TABLE 4 
COMPARISON OF INTERPLANER DISTANCES 
BEFORE AND AFTER GLYCOLATION 
Sample 2 4 1.1.7 
Before After Before After Before After Before After 
Interplaner 14 . 72 16.66 14. 72 16 . 66 14. 72 16 . 84 14.48 15.49 
Distances in 
Angstroms 9. 93 9.93 
8 .42 8 . 85 8 .38 7. 59 
7. 19 7 0 1. 9 7.25 7.22 7.22 7.22 7.1.9 7.19 
5 . 57 5 . 57 5.145.90 
4. 77 4. 77 4. 79 4.79 4.79 4 . 81 4.79 
3.59 3.59 3.60 3.59 3.62 3.583.59 3.59 
3.35 3.36 3.34 3.343.37 
3.02 3.03 3.02 3. 03 3. 06 3.03 3.03 
24 
is characteristic of mi n e . als of the montmorill onite group . 
The lower trace also shows a new pe ak at approximately 8 . 4 a n g· · 
stroms , w ich is the second order reflection of the expanded 
basal spacing . Because of the high iron con t ent of the rock , 
the mo ntmoril lonite mineral in the sample is probably non ­
cronite ( i ron - rich montmorillonite ). 
The peak at approxima ely 7.2 angstroms is no t affected 
by gl yc olation and indicates that th ere is pr obab ly some 
kaolinite present in the samples. Actual serpentine and 
chlorite are also po ssibilities with this spacing , bu t their 
presence is doubtful . The peak at approximately 3 . 03 angstroms 
indicates the presence of calcite impurity associated wi th th e 
sample . The s amp 1 e s from t b. e 1 owe r po r t i o n o f the 11 s er p e n t in e tr 
mass probably have some biotite in them as indicated by the 
reflection recorded at approximately 10 angstroms in samples 8 , 
9 , 10 , 11, and 12 . 
As seen by comparis on in Table the samples from Elgi n , 3 1 
Hilbig and Yost gave very similar diffraction patterns to tho se 
from Lytton Springs , indicating a very similar composition . 
The sample from Hilbig gave an exceedingly large reflectio n a t 
3.05 angstroms, indica t ing a much larger c alcite content than 
the other two. The sample from Yost also i n dicated the pres ­
ence of minor amounts of bio t ite . 
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Thin Secr. io~ An~l_.zsi~ and ~~ult~ 
Many mi n eral materials may be s t udied t o adva n tage in 
thi n sec t ion s wi th a pol ariz i ng microscope . The thin se tions 
used in this work were p repare d b y Rupe rto La n iz a t S tanfor d 
Universi t y in Califo r n ia . The t hin sections s how th a t t h e mass 
is fairly constant throughout t he verti c al section , bu t so me 
changes are present. Th e first few slides will b e described 
in de ail and changes will be no t ed as t hey o c c u r i n .he res . • 
The slides will be de scri bed in de c reasing order or pro ­
gressively up the h ole . The first slide is Slide 12 wh ich 
represents a sample at 1929 feet below the surfa ce of the 
ground. From its appearance this sample was lo c a t ed below the 
main body of igneous rock . The sample is composed of a rown 
c lay matrix with radial aggregates of authige n ic c rys t al s . 
The crystals are possibly some type of zeolite . Sa mpie 11 , 
which is 14 feet up the hole , is c omposed mostly of alte red 
igneous rock fragmen t s averaging one millime t er in diame t er . 
Mos t of the fragments are made up of olivine crystals in a 
glassy matrix c o n t aining small lat h s of plagioclase . Bo t h 
the olivine and plagioclase are now altered t o green clay . 
Th e original rock co ntained s mall amoun ts o f bio t ite and pyrite 
whic h still remain in the f ragmen ts. Formaninifera and o t h er 
fossil fragme n ts wit h in larger limest one fragme nts are also 
pr esent . The matri x of the rock is an e xtreme ly fine grained 
calcite clay mud . 
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The n xt sample u he hole is very si mi lar to Slide 11 , 
except that more biotite i s present , some of w i h l oo k s 
almost authigen i wi thin the ca l cite matrix . T e sample 
still shows some fossil fragments from one -half to t wo milli ­
meters i ~ diameter , but he mat rix filling the void spaces of 
the rock is now a crys talline c alcite in pla ce of the calcite 
clay mud . This sampl e as well as most of the samples examined 
can b e c alled li " h ic t u f f . 
Sa mple 9 contai ns large r fragments of al tered igneo us 
rock , which have the s ame appearance as the p revio u s frag ­
ments . This sample probably had a high original porosit y 
( greater than 20 per c ent) , but most of the p o res are now 
filled with calcite . It mig h t be noted here that all t he 
samples show some type of altered titanium mi n eral , possibly 
leucoxene . Th e igneo us r oc k fragments can be des c ribed as 
originally an olivine rich porphyry , whic h probably had a 
glas sy ma t rix containing small crystals of plagioclase o r 
melilite . The fragments in the slides described are sub­
angular, indicating that the re migh t have bee n s ome rewo rking . 
In Sa mple 8 a v ery different mineral is encoun ter ed . 
The s ample is composed mainly , as before , of igneo us ro ck 
fragments , but in this sample , instead of an all calci t e fi ll ­
ing , some of t h e void s are fi lled with pale gree n clay and 
wi th a clear mineral s i mil ar to a zeolite . Sample 7 also co n ­
tain s the same thr ee miner al fi llers , a nd t he par t icle s iz e of 
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the i gneous fragment ~ a s in c rea s ed . The original ro k in 
this sample c ould probably have been classified as lapilli 
tuff o r vol c anic agglomerate , Sample 6 is very s imilar to 
S a mpl e 7. Sl igh ly s maller fragments are f ound in Sampl e S , 
buc they are c h e same ig~ e o s frag me nts with al ered olivine 
c rystals o The original por o sity of this samp le was also large , 
but the pores are n ow f i lled wi t h th e three previously de ­
scrib ed mi nerals . Sample 4 i very similar to Sample 5 . 
Angular particles , lo ose ly packed and po o r ly sorted , 
giving a rat h er h ig h initial p o rosit ~ are found i n Sample 3 . 
Pale green clay h as since grown arou n d the crys tal s , leaving 
v ery lit t le pore space . No n e of the zeolite (?) ma t erial is 
present in t h is or th e next two samples . The fragments in 
Sa mple 2 are even c o arser than in Sample 3 . Th e y are poo ~ ly 
sorted , wi t h very high initial p or e space , wh i ch has s in c e 
bee n filled in wit h c al cit e. Th ere is mu ch les s pale green 
clay pres e n t. 
Sample 1 cont ains a matrix which is darker than the ig ­
neous rock fragments . This is j ust t h e reverse of the previ­
ously described slid e s . Sample 1 is from t h e top few feet of 
the igneous mass , a n d th e matrix is a dar k mud , which was 
probabl y a vo lcani c dust c o ncaining many small par t i c les of 
iron rich mineral s . · . ~ this c ase the dark mud comple tely 
filled any pores p r ese nt. The m~d was probabl y worked in t o 
the top layers of ~ra g ments , wh i ch seem a l mos t comple te ly 
devoid of calci e . 
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Conclusio n s 
from an o v er a ll lo . at the thin e ti o ns i would appear 
that he ro c k at LytLon Spri1gs is probably •he resu . of a 
explosive volca n ic magma that was blown out i the Au st i n 
sea , Many sma ll er par . i c l es were single ol ivine crysta l s 
surrounded by small d r ople ~ s of the ma gma , Th i s phenomenon 
can be recognized in each th in section . The crys tal o f olivine 
in :he center of a fragme n t has small green l aths i n the glassy 
ma t ri x orie n e d arou n d th e cr ystal paral lel to .he c ry sta l 
faces , as . hey wo uld be arranged by normal s u rface t ension , 
The p art i c le s that were blown out formed a co n e - shape d 
mass . As the explosions occurred 1 some cratering al so ook 
pla ce ar o un d e n ec k of c be plug, Th e po rti o n o f the pl u g 
co ntaini ng t e la r ge r s i zed particles would probably be classi ­
fied as lapilli tuff and aggl mera t e compo sed of olivine po r ­
phyr y, while t h e rock co mposed of smaller particles wo uld be 
c lass e d as l ith ic tu ff , 
At t he end of its a t i v e p eri od the volcanic mas s wa s 
left s aturated wi t h water , surrounded wit h Aust in chalk , and 
overlain wi ~h Taylor marl . Sometime before the calcite filled 
the por es and the mass alte re d to mon t morillo n i . e , o i l must 
h av e accumulated from nearby source beds . After t he accumula ­
tion of the petroleum o r during accumula t ion, most of the wa er 
was adsorbed by t h e newly formed montmorillo nite , and the de po ­
si tion of ca lcite was comp leted , s o that a t the present tim e 
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very little water is encoun ere d in any of the wells . The 
ma ss as a who le probably contains numero u s fra c tures a n d 
joint s in ce i . t i s only normal for all rocks to have a join t ­
ing tendency . T e nature of the rock and its method of forma ­
ti o n have led to a very heterogeneous mass in whi c h t h e areal 
and vertical ex t ent of p or osity is highly unp re d ict able and 
discontinuous . 
CHAP TER V 
PROD UCTI ON HISTORY 
I nitial production of well s in the field ranged from 
5 ba r rels p er da y to 4 000 b ar r e ls per day , depending mostly 
on the porosi ty and permeabi lity of the 11 serpentine 11 pene trat ed _, 
ra th er t h an t h e posi, ~ i, o n on t h e d ome . 5 Th e potentia l s . in itial 
of a majority of wells i n t he field ha ve bee n broken int o four 
groups and conto u re d in Figure 19 , Due to the n a t ure of the 
serpentine , as discu ss ed previ.ously, wells wi t h excellent 
initial potentials a r e often surrounded b y wells which had 
very low initial pote ntia l s . 
F lus h production from the field lasted only a very few 
years with the first five years production (1925-1930) account ­
ing for 68 perce n t of the oil produ ced to J anuary , 1961 . It 
has been suggested by Gulf Oil Corporation that solution gas 
drive was responsible for production of about 7 . 7 million 
barrels of oil or about 77 percent of the accumulated pro­
2duction to 1961 . It has also been suggested tha gr av ity 
drainage , a cce ntuated by the thick sections and hig h struc ­
tural relief of the "s erpentine , " is the predom i nan t produ c-· 
ing mechanism a t the presen t time . 
Typ e a n d So u r c e ~_! 0 i 1. 
The oil produ ced from the Lytto n Spr ings field has a 
paraffin base and a gravity of 38 . 5° API at 60° F and 0 psig . 
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T·Tt con a i s betwee 6 a n 7 per en paraffi n . A P' , 
vis:c csi y a : alysis: f recombined surface sample f oil 
gas obtaine d from Well 2 7, Lea se 3 (F igure 18) showed th at 
at the estimated origi nal sat ura t ion pressure of 65 0 p s ig , 
the oil ad a formation volume fa c tor of 1 . 10 bar rel of reser ­
voir oil per barrel of s ~ ock ank oil , and a gas solubil ity of 
approxima ely 100 ubi fee per barrel of sto c k tank oil At 
t he present. !. ime .i t.he aver a ge reservoir pre ss ure is approxi ·­
mately 13 4 psig . . 'her e has been no app r eciabl e change in 
reservoir pre ss ure f o r the pa st six to eight years . At the 
presently existing pressure , the formation volume fa c tor of 
the oil is approxima tely 1.06 , t he gas so lubili t y is 45 cubi 
feet per barre1 7 a d t .. e vis osity is approximately 2 5 en t. i ­
poise s . Today as in he pas t, very little is known abou . t e 
f o rmation o f petroleum r is .he opinion of seve ral authors 
that the shales and marls of ~h e Upper Creta c eous B pplied th e 
or ganic material from w~ i h the oil was formed . 5 .i 6 By compari ­
son it may be shown t . a t h e o i 1 f o u n d i n t he " s e r p e r.. t i. n e if i s 
very similar to t ha found in the Austin chalk and Ea gle For d 
formations and differs drastically from that found in t he 
Edwards formation . The oil from the "se rpentine" is fairly 
light oil wit a paraffi n base , while that f ound in . h e Edwards 
is a heavier asphalti ba se oi 1. The ci.l f ro:m t:he "s erpentine " 
probably o riginated s o mewhere above ·he Edwards lime stone and 
quite possibly from the basal Tay lor marls . The Tayl o r marl 
surrounds the " ss rpe~ tine" mass and ha, been kne w~ to yield o il 
5 
upon distillation. 
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Produ ction Stimulati on Te~ts 
In December 1951 , Gulf Oil Corporation bega operation s of 
a random pilot water flood on Lease 3 (Figure 18) The project0 
consisted of one injection well wherein the injection water was 
produced and meter ed from the lower water bearing formation 
(Edward s limestone) a d allowed to enter the producing reser- · 
voir, all in one hole utilizing the natural head existing in 
the water producing zone . 12 After six months ' operation, five 
Gulf wells had bee n flooded by the injected water withou t sub­
stantial increases in oil production and were abando n ed . In 
September , 195; the project was discontinued, but during the 
38-week injection period 210 , 517 barrels of salt water had been 
injected . 
At the start of the operation, water was i n jec te d into 
Well 28 at rates varying from 300 to 400 barrels per day . The 
rate was g ra dually increased until it reached 900 barrels daily 
at the end of the first month. Very soon after injection was 
begun, adjacent wells became affected by showing very slight 
increases in oil p rod u c ion and then becoming completely 
flooded with water . Six months after initiation of t he flood, 
five surrounding wells had been shut in due to 100 percen t 
water production . By September, 195~ no additional wells were 
apparently affected and the project was discontinued , However , 
after cessati on of the flood , five additional wells were em­
porarily abandoned due to 100 percent wa ter pro duction " 
3 3 
Performance c ur v es f o r th e proje c t ar e in c lud e d as 
Figure 7 . Some of the more obvious c on c lusions t o b g ained 
from the results of the flood are that water ca n be i n jected 
· t th n ;. · "in o e · ,,erpenti.ne by natural head from the Edwards lime ­
stone and that the " serpentine" will take water in considerable 
quantities . Apparently water will advance laterally thr o ugh 
the formation at a fairly rapid rate, , but will no displace 
an appreciable amount of oil , since essentially , no in c rease 
in oil production was noted . The water may be traveling 
through a fracture system and, due to the hydration charac ­
teristics of the serpentine, it may also be closing off all 
of the intergranular porosity that it contacts. The end re ­
sults of the pilot flood lead Gulf to the conclusion that a 
2lateral water flood was unsuitable for this field . 
After several years of inactivity in the field , Gulf 
again tried to stimulate production. An air injection project 
was begun in October, 1960, when Gulf began injecting air into 
an upstructure well on Lease 1 and withdrawing oil from a 
downstructure well . Well 11 was used as the injection well 
and 19 as the producing well . Air was injected into 339 fee t 
of section at a rate of approximately 3 . 5 MMCF per month at 
92 psi. The duration of the project was five mo n ths and Gulf 
believes that only one well was affected favorably by the pro ­
ject (see Figure 18) ~ its production rate being i nc reased 
slightly . Although the inv estigation was experimental , to 
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determine the effect of air or gas injection on re overy and 
not as a full scale commercia l ve nture J the reason given fo r 
cessation of the project was that the results did not pay for 
the ren t of t he compre ssor , 
Available Data 
Due to the early discovery of this field , many production 
figures were not recorded and must now be obtained by estimation . 
Needless to say, this imposes serious limitations on the use of 
this data , sin c e 68 percent of the oil was produced during the 
first five years after discovery . In 1954 Gulf Oil Corpora­
tion considered unitizing the Lytton Springs field, and found 
it necessary to bring produ c tion data up to date o n all twenty ­
two leases then producing , six of which belonged t o Gulf and 
for which it had complete p r oduc t ion records . Production da t a 
on the remaining six t ee n leases was essentially complete from 
1931 through 1954 . Gulf Oil Corporation selected decline 
curves as the best tool for estimating the initial five years 
production for the sixteen leases and developed a unique method 
which merits discussion at this point . 
Estimati on .£.i Early Production 
A characteristic of wells in this reservoir is a very 
high initial production wit h a very rapid decline immediately 
after the first 1 - 1/2 years, and a moderate decline thereafter. 
This p heno meno n makes a straight line de cline curve impossible 
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to draw in t h e c onve n t i onal man ner , regardless o f th e t yp e of 
graph paper used " After co nsiderabl e experimenting , Gulf Oil 
Corporation managed to fit a straight line decline to their 
2data in the following manner o 
1 . Log - log paper was used for the plot of production 
rate versus time . 
2. Production figures for the first two years , 1925 
and 1926 , were c o mbined and the sum plotted as the 
initial year , Each succeeding year was shifted one 
year to the left on the graph . In o t her words, 1927 
was plotted as the second year instead of the third, 
and SO On o 
3. A straight line was indicated in every case except 
for the initial year which invariably plotted above 
the line . 
4. The straight line was extrapolated back to a point 
before the initial year where the initial year's 
production fell on the curve. For all practical 
purposes , this point was the same for all of Gulf ' s 
leases and has been labeled on Figure 8 as the 
"pseudo initial year . " 
The same principle was applied to the sixteen leases that were 
still producing , and the initial five years of production were 
estimated for each lease . Figure 8 is a graphic illustration 
of this method showing the total field plot and a plo t of 
Lease 3 . 
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Besides the twenty-two leases just discus sed , there are 
three additional lease s producing at the present time and 
thirteen others that were once productive but are not now pro ­
ducing o These leases in times past produced enough oil to 
represent about 18 percen t of the total accumulated production 
to 1961 0 No production data was recorded for these leases and 
there is no feasible method of estimating past performanceo 
Only the twenty-two leases produci~g in 1952 , plus the three 
additional leases producing at the present time , have been con­
sidered in the production predictions o 
CHAPTER VI 
PRODUCTION PREDICTIONS 
Due to the lack of ade qu ate reservoir engineering data , 
and to the extreme heterogeneity of the produ cing formation, 
decline curve analysis is the only reliable tool for predict ­
ing production performan c e . Two types of d ec lin e c ur ves were 
c onstructed : (1) produ ct ion rate versus time and (2) produc­
tion rate versus c umulative recovery . These curves are illus ­
trated in Figures 9 through 13. It was found that durin g the 
pas t twenty years, the production decline has been of the ex ­
13ponential type as defined by Arps . No shifting of data was 
necessary. The production rate versus time was plotted on semi -
log paper and the production rate vs cumulative recover y was 
plotted on cartesian co ordinate paper . Calculations were made 
using the rate-time curve, and cumulative recoveries were 
determined from the rate prevailing in 1961 down to zero rate . 
The v alues obtained from the calculations were then compared 
to recoveries indicated from extrapolation of the rate -
cumulative curves and were in very close agreement in all 
cases . The equation used in t he decline curve analysis is 
as follow s : 
q . - q 
Np = i D 
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where ~ Np :­ c umul a t ive pr o d uct i o n during tim e 
in t erval that produ ction is de c lin ­
ing from q . 
]_ 
to q; 
qi ·· i nitial rate (rate in 1961 ) ; 
q ~ rate at time T (q = O); 
D - - 2 . 303 (s lope) =cumulative decline 
fraction . 
The solution and results of the decline curve analysis are 
shown in Table 7 . Since the main purpose of th is work is to 
determine the amount of oil capable of being produced, whic h 
remains in the formation, and not the amount that could be 
economically produced under present conditions , the time n eces­
sary for producing the indicated oil remaining was not calcu­
lated . For the same reasons , the decline curves drawn do not 
take into consideration the reduced rate for several of the 
leases due to the shutting in of several wells on the lease . 
The straight line decline rate-time and rate-cumulative curves 
were drawn through production points that represented the pro­
duction potentials of the lease rather than the reduced capa­
bilities obtained after numerous wells were shut in or abandoned . 
Due to the great variation in thickness and large struc ­
t u r a 1 re 1 i e f o f the " s er pent in e" mass , i t was n e c es s a r y to ca 1 ·­
culate the v olume of the productive formation underlying each 
lease , s o that the production figures for the leases could be 
compared on a more equitable basis . For any future work in 
this field the value of oil per unit volume will be of signifi ­
cance , while the barrels of oil under a tract of land without 
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stipulation as to the reservoir vo lum e o cupied by these bar­
rels or the residual saturation existing could be misl ea ding . 
For reasons stated above , the v alues of accumulated produ ct ion 
and estimated reserves will be expressed in barrels per acre ­
foot when used for comparisons , 
The volume of " serpentine" underlying each lease was 
calculated by planimetering the areas within successive iso­
pach contour lines and plo t ting these values versus the av erage 
value of the two contours. The area under this curve was then 
planimetered and its equivalent in reservoir units was recorded 
as the volume of "serpe.ntine" underlying the tract , Due to the 
nature of the "serpentine" mass, all of it is not porous and 
permeable . The porosity and permeability are thought to exist 
mainly in the upper portion of the dome. In Well 27 , Lease 3 , 
746 feet of serpentine were penetrated and only 189 feet were 
considered porous and permeable.12 Co 11 in gwood ·and Re t t g er s u g ·­
gest in their paper that the best porosity is obtained in the 
top 200 feet of "serpentine" but that production has a vertical 
6 
range of 700 feet . With an average porosity in the productive 
zone of 3 to 4 percent and an average of 15 to 25 percent of 
the serpentine penetrated being productive, a multiplier of 
20 percent was used to obtain the net effective pay volume of 
"serpentine" below each tract . The volume of "serpentine" 
underl ying the twenty-five productive leases at the present 
time is 580 , 000 acre-feet while the total volume is approximately 
47 
646 , 000 acre-feet . Applying the 20 per ce nt factor we arrive 
at a n et effective pa y of 116 , 040 acre - feet b elo w the twenty -
five produ ctive lea ses, Assuming an average porosity of 
3 P e r c en t f o r t h e p a y s e c t i o n o f v i r g i n " s e r p e n t i n e , 11 a f i g u r e 
of 232 barrels per acre foot is arrived at for the average 
original oil saturation , This would ha ve made the origina l 
oil - in - place equal to approximately 27 , 000 , 000 barrels. A 
little over 9 , 000,000 barrels of oil or approximately 34 per ­
cent of the original oil-in-place has been produced to da te, 
As stated earlier , Gulf Oil Corporation suggested that 7 , 700 , 000 
barrels of this oil were produced by solution gas drive and 
that that figure probably represented 30 percent of the origi­
nal oil - in-place , The v alue of oil - in-place ob t ained in this 
manner is approximately 25 , 700,000 barrels as compared to 
27,000 , 000 volumetrically . 
The v o 1 um e o f ir s er p en t i n e" under 1 yin g each o f t. he t went y -· 
f iv e t r a c t. s now p r o du c i n g a 1 o n g w i th t he to t a 1 " s er p en t. i n e 11 
volume is shown in Table 8 , From the values listed , the vari­
ous product.ion figures were placed on an acre -foot basis and 
are shown also in Table 8 . 
Method of Analysis 
For purposes of illustration and analysis , the data for 
ea ch parame ter was broken into four groups of leases. These 
groups were picked at natural breaks in the data, with each 
group contain ing approximately 25 percent of the leases . Only 
48 
those leases for which data was available wer e co nsid ered. 
The groups were numbered in numerical order, with Group I 
representing the best 25 percent of the leases with regard 
to any certain parameter . The range of each group is shown 
in Table 5 . By use of cross hatching , the location of each 
group of leases is shown on Figures 20 through 23 . Variation 
in one parameter only is shown on each map. 
For determination of the effect of gravity drainage on 
the production to date and the remaining oil to be produced , 
some way of evaluating the gravitational movement of the oil 
down structure was needed . The centroid of the producing area 
was found by cutting out a replica of the area and suspending 
it successively in three different places with a pin and draw­
ing plumb lines from each suspension point . The point of 
intersection of the three lines was the centroid of the sur­
face area of the twenty-five producing leases. This point is 
shown in Figure 20 and corresponds quite well to the highest 
point on the structure . Distances from this point were then 
measured to the center of each lease and recorded in Table 9. 
The average distance from the centroid to each group of leases 
discussed above was then calculated and may be found in Table 5. 
Results 
The results of the analysis of the production data shows 
that the cumulative production per acre-foot to January, 1961, 
and also the total estimated production per acre foot to zero 
49 
Initial Potentials 
barrels /day 
Distance** 
Production per 
Acre-Foot 
1925-1941 
Distance** 
Production per 
Acre-Foot 
1941-1951 
Distance** 
Production per 
Acre-Foot 
1951-1961 
Distance** 
Cumulative 
Production per 
Acre-Foot 
to 1961 
Distance** 
Estimated Future 
Production per 
Acre-Foot 
Distance** 
Estirna ted total 
Production per 
Acre-Foot 
*Each group 
TABLE 5 
RANGE OF GROUPS* AND AVERAGE DISTANCE 
OF GROUPS FROM THE CENTROID OF 
PRODUCING AREA 
Group I Group II Group · III Group IV 
230 160-230 85-160 0-85 
2140 I 3380' 2860' 3670' 
85 45-85 30-45 0-30 
3510' 2750' 2630 I 3220' 
12.5 6.5-12.5 4-6.5 0-4 
2900' 2410 I 2810 I 3000 I 
14 4. 75-14 3.0-4.75 0-3 
3950' 2720 1 2830' 2890' 
85 50-85 20-50 0-20 
3141-0 I 3230 I 2800' 3190 1 
30 15-30 6.25-15 0-6.25 
3850 1 3150' 2625 I 2520' 
95 58-95 15-58 
contains all leases falling within limits cited above for 
each particular variable. 
**Average distance of leases in groups from centroid of production 
area in feet. 
0-15 
so 
Lease 
Number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
32 
36 
TABLE 9 
AVERAGE INITIAL POTENTIALS PER LEASE AND 
DISTANCE OF LEASE FROM THE CENTROID 
OF THE PRODUCING 
Average 
Initial 
Potential 
B/D 
113 
144 
284 
103 
133 
49 
17 0 
97 
90 
141 
180 
240 
4 05 
4 07 
332 
2 06 
175 
211 
7 1 
81 
220 
AREA 
Distance 
Centroid, 
2540 1 
2560 
420 
2200 
3440 
4300 
3580 
1720 
4600 
2960 
3840 
2820 
1240 
3840 
2400 
1600 
2880 
4350 
3440 
4000 
3640 
4040 
324 0 
2920 
5 040 
from 
feet 
51 
p rod u c ti o n rate , are r elate d to t h e initia l p otentia l s . Fi g -­
ur e 14 s h ows that the le as e s wit h the hi g h est ave r age i nitial 
p otential have h ad the b e s t rec o v er y t o 1961 , an d will pr o b ­
a bl y ha v e the bes t re c o v er y t o zero production rat e , wh i l e 
the l ea se s wit h th e lowest i nitial potentials ha v e h a d t h e 
l o wes t re cov er y to dat e and also probably will end up with 
t he lowest o v erall recov e ry. The remaining oil to be produ ce d 
does not seem to depend on the initial potentials; h o weve r , t he 
leases containing the most reserves seem to be the Group II 
leases with respect to initial potentials , It c an be seen o n 
Figure 20 that the leases comprising Group II (initial poten­
tials) are for the most part on the outer perimeter of the 
field , 
The next figure (Figure 15) is a plot of the remaining 
oil to be produced per acre - foot to zero rate by groups versus 
the average distance of the groups from the centroid of the 
pr o ductive area. The observation gained from this figure is 
that the remaining oil to be produced per acre - foot to zero 
produ c tion rate seems to be connected to the distance of the 
lease from the centroid of the field area . In other words , 
the leases on the outer edge of the field seem to ha v e the mos t 
potential oil per acre-foot whi l e those close to the center 
seem to h av e the least , Figure 16 shows the mo vemen t of pro­
du c tion wi t h respect to time , It is a plot of th e d i sta n ce s 
o f the p ro du c tion inter v al gr o ups from t he c e n tr o id o f the 
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field ar e a ve rsus th e t im e int e r v al . The pr od u c ti o n interval 
groups are determined from the produ c ti o n p e r ac r e- fo ot du ri n g 
various tim e intervals . The initial potential groups were 
used as a starting point and the next point was t he time inter-
v al 1925 to 1941 . Groups I through IV were based on the pro­
duction per acre-foot during this interval . In like manner , 
the groups from time intervals 1941 to 51, 1951 to 61, and 
1961 plus, were determined along with their average distance 
from the centroid, and the above described figure plotted . 
The figure shows that, since the discovery of the field, there 
has been a gradual movement outward (away from the centroid of 
the field area) of the leases in two best groups of production 
per acre foot, while the leases in the two poorest groups have 
moved inward . This leads one to believe that the leases on 
the outer edges of the field will contribute more to future 
production per acre foot than those nearer the center . 
Conclusions 
From the foregoing analysis it can be seen that the pilot 
secondary recovery tests carried out by Gulf Oil Corporation 
should ha v e been nearer the edge of the field . However , lo ca ­
tion is not believed to ha v e been the major reason for the 
failure of the pilot waterflood. The probable reason for fail­
ure was the hydratable nature of the montmorillonite minerals 
which make up the major portion of the "serpen t ine ." As pointed 
out earlier , there is probably a fracture s y stem present through 
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which the water tra v eled rapidly from injection well to pro ­
du ction well, displa cing ahead of it only the oil contai n ed 
within the fractures , thus accounting for the ver y slight 
increase in oil production immediately before water break­
through. As the water tra ve led down the fraction, the walls 
of the fracture , being mostly montmorillonite , swelled slightly, 
closing off all intergranular porosit y and in this manner 
stopped the . oil production . These wells , having b ee n abandoned 
for a number of years due to 100 per ce nt water production, but 
which produced appreciable oil before the waterflood test , 
might possibly produce oil again, if reopened and the excess 
water pumped out . Present pumping tests appear to indicate 
14
the feasibility of this operation . When the oil was trapped 
by the injected water it contained some reservoir energy, and 
during this lapse of time might possibly ha v e forced its wa y 
through or around the hydrated montmorillonite , 
The air injection experiment was conducted toward the 
edge of the field but not as close as it probably should have 
been. Gas repressuring seems to have been somewhat successful 
at Hilbig and might have been at Lytton Springs if a sufficient 
amount of air had been injected and if the pattern had been 
chosen with the edge of the "serpentine" providing one boundary 
so tha t th e oil could have been driven down against it. 
From the data obtained in the production analysis , i t is 
obvious that the oil is migrating downward and outward through 
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the "serpentine" rock resulting in resaturation of most of 
the edge leases . Since the porosity is found mostly in the 
upper 200 feet of "serpent.ine , 11 very little , if any , beneficial 
results would be gained from deepening the productive wells 
near the center of the mass . Attention should be directed on 
the other hand to those leases near the outer perimeter of the 
plug that show relatively flat decline curves indicating rela­
tively high residual saturations and sustained production 
through gravity drainage. 
CHAP TER VII 
SUMMARY AND RECOMMENDATIONS 
The Lytton Springs oil field located in Caldwell County, 
Texas, was investigated to determine additional information 
about the nature and co mposition of the altered igneous rock 
from which oil is being produced , and also to determine the 
effect gravity drainage will have on the areal location of 
future production from this field. Lytton Springs has pro­
duced slightly over nine million barrels of oil to date , leav­
ing approximately eighteen million barrels or 70 percent of 
the original oil still in place . 
X-ray analysis of samples of the producing rock show it 
to be composed mainly of hydratable montmorillonite minerals . 
The thin sections show that the original rock resulted from 
an explosive volcano during the late Cretaceous . The original 
rock was probably an olivine porphyry, with distinct crystals 
of olivine in a fine-grained glassy matrix, which was blown 
out with explosive force , forming a cone of fragments around 
the neck of a volcano . The lower samples contain pieces of 
shell fragments, indicating that they have been slightly 
reworked. The igneous bod y can be classified as a tuff , 
varying between a lithic tuff and a lapilli tuff or agglomer ­
ate . When the part i c 1 es were first in p 1 ace , the " serpentine" 
mass was very porous , but subsequent deposi t ion of calcite 
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and other mi nerals has redu c ed the porosity until at the 
pres e nt time it averages only about three percent , 
The presence of mon t mori lloni te more than lik ely was 
the c ause for failure of the water flood , while insufficient 
amounts of inje c ted air, coupled with t he h ete r oge n eo us nature 
o f the " s er p en t i n e it p r o b ab 1 y s p e 1 1 e d •r fa i 1 u re •r for t he p i 1 o t 
air inje c tion program . The possibility of recoveri n g even a 
small percentage of the estimated eighteen millio n barrels of 
oil remaining in the formation should provide the incentive 
for additional work in this field . Any secondary reco v ery 
method tried must take into account the swelling nature of 
the " serpentine . " With the small openings present and the 
large mass of rock , it would take only very sligh t swelling to 
seal off the pore spaces . The secondary recovery me t hod most 
likely to be successful at the present time is probably a gas 
flood carried out on those leases indicated as being capable 
in the future of producing the most oil per acre - foot , Water-
flooding as such is out of the question, but a possible line 
of future research would be to determine what in h ibiters , if 
any, would prevent the swelling of the "serpentine" to a great 
enough extent to allow the water to enter the in t ergranular 
porosity and expell the oil . The fracture sys t em might extend 
throughout the rock to such an extent that even successfully 
inhibit ed water could no t be used . 
In-s itu combustion is probably unsuited , due to the low 
oil saturation per unit volume of rock and also to t he fact 
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that , with suffi ient heating , t he hydrated montmorillonite 
would lose water in the vicinity of the heat source and this 
water would be pushed ahead of the heat, causing the cooler 
montmorillonite to swell to a greater extent and possibly 
shut off all permeability to air and snuff out the source of 
the heat , Due to the large volume of rock to be swept, 
miscible flooding would probably be too expensive . 
From the geologic standpoint it would be interesting to 
gain additional knowledge about the mineralogy of the rock and 
the process of alteration that has taken place . 
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TABLE 6 
PRODUCING HISTORY OF TWENTY-FIVE LEASES 
STILL PRODUCING AT LYTTON SPRINGS FIELD 
Lease Number 1 2 
Year 
Yearly 
Production 
BBLS 
Cumulative 
Product ion 
BBLS 
Yearly 
Production 
BBLS 
Cumulative 
Produc ti.on 
BBLS 
1925 & 1926 
1927 
1928 
1929 
19.30 
1931 
97,843 
66,.372 
46,889 
35,128 
29,057 
409, 351 
50 '7,194 
573,566 
620,455 
655,583 
684,640 
23 ,650 
16 , 450 
12,805 
11, 290 
9' 401 
1.30, 230 
153,880 
170 ,.330 
183,135 
194,425 
203' 826 
1932 24,234 708,874 8,198 212 , 024 
1933 
1934 
21,678 
20' 0.55 
730,552 
750,607 
6, 771 
6,067 
218,995 
224 , 862 
1935 18' 097 765,704 5,587 230,449 
1936 17,062 785,766 4,946 235 , 995 
1937 1.5,949 801, 715 4 , 286 239 ,631 
1938 14,616 816,331 4, 162 243,843 
1.939 13,388 829,719 3,626 247 , 469 
1940 13,512 843,2.31 4,071 251,540 
1941 11,918 855,149 4, 135 255 , 675 
1942 11,577 866' 726 3,737 259,412 
1943 1.0 ' 715 877' 441 2,844 262 , 256 
1944 10,626 888,067 3,186 265,442 
1945 9,990 898,057 2, 778 268' 220 
1946 9,670 907' 727 2,324 270,544 
1947 9,545 917,272 2,274 272, 818 
1948 9,252 926,524 2, 877 275,695 
1949 8, 774 935,289 2,930 278' 62..S 
1950 8,591 943,889 2,602 281,227 
1951 8,212 952, 101 2,432 283,659 
1952 8,041 960' 142 2,418 286' 077 
1953 7,723 96 7' 865 2,443 288,525 
1.954 7' 964 975,829 2,392 290 , 917 
1955 7,791 983,620 2,350 293,267 
1956 7' 277 990,897 2,162 295,429 
1957 6,832 997' 729 1,822 297,251 
1958 5' 596 1,003,325 1, 472 298' 723 
1959 
1960 
1.,247 
2,379 
1,004,572 
1,006,951 
320 
332 
299,043 
299,.375 
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TABLE 6- Crm ti.nued , 
Lease Number 3 4 
Yearly Cumulative Yearly Cumulative 
Production Production Production Production 
Year BBLS BBLS BBLS BBLS 
1925 & 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1926 
92,499 
68,064 
54,814 
45,441 
37,587 
31,125 
28,232 
572,169 
664,668 
732,732 
787,546 
832,987 
870,574 
901,699 
929,931 
41,122 
26,094 
20, 100 
17,740 
15,404 
12,535 
10, 138 
277, 477 
318,599 
344,693 
364,793 
382,533 
397,937 
410, 472 
420, 610 
1934 25,753 955,684 8,855 429,465 
1935 22,483 978,167 8,034 437,499 
1936 20,810 998,977 6, 572 444,071 
1937 18,749 1,017,726 6,042 450, 113 
1938 16,554 1,034,280 5,484 455,598 
1939 14,348 1,048,628 4,348 459,946 
1940 15, 596 1,064,224 4,834 464,780 
1941 14,784 1,079,008 5,257 470, 037 
1942 13,934 1,092,932 4,882 474,919 
1943 11, 510 1,104,442 4,984 479,903 
i944 12,347 1,116,789 5,033 484,936 
1945 10, 627 1,127,416 4,147 489,083 
1946 10, 716 1,138,132 3,469 492, 553 
1947 22,499 1,160,631 3,427 495,9'79 
1948 22,438 1,183,069 3,984 499,963 
1949 17,852 1,200,921 3,334 503,297 
1950 16,216 1,217,137 3,221 506,518 
1951 14,361 1,231)498 3,384 409, 902 
1952 11,817 1,243,315 2,955 512,857 
1953 8,741 1,252,056 1,869 514, 726 
1954 8,655 1,260,711 1,474 516,200 
1955 7,794 1,268,505 1,545 517,745 
1956 6, 901 1,275,406 1,439 519,184 
1957 
1958 
1959 
1960 
6,259 
5,892 
4,191 
3,891 
1,281,665 
1,287,557 
1,291,748 
1,295,639 
1,449 
1,651 
1,344 
1,148 
520,633 
522,284 
523,628 
523,952 
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Lease Numb er 5 6 
Yearly Cumulative Yearly Cumulative 
Producti.on Production Production Product ion 
Year BBLS BBLS BBLS BBLS 
19 25 & 1926 177 ,461 17,645 
1927 35' 321 212,782 5,161 22, 806 
1928 22,126 234,908 4,100 26,906 
1929 16,597 251, 505 3,278 30' 184 
1930 13,809 265,314 2,798 32,982 
1931 11 , 562 276 , 876 2,374 35,356 
1932 10 ' 111. 286,987 2,143 37,499 
1933 8,690 295,677 1,699 39,198 
1934 7, 835 303' 512 1,489 40,687 
1935 7,190 310 J 702 1,613 42,300 
1936 6,607 317 ,309 1, 722 44, 022 
1937 5,879 323 , 188 1,493 45,515 
1938 5,734 328,922 1,391 46 , 906 
1939 4,943 333,865 1,478 48,384 
1940 4,979 338,844 1,382 49,766 
1941 4,398 343,242 677 50,443 
1942 4,556 347,798 387 50,830 
1943 4,457 352,255 441 51 , 271. 
1944 4,262 356,517 370 51,641. 
1945 3,687 360,204 375 52 , 016 
1946 3, 704 363,908 324 52,340 
1947 3J 703 367,611 279 52,619 
1948 3,393 371, 004 310 52, 929 
1949 .3,356 374,360 330 53,259 
1950 3,254 377,614 311 53,570 
1951 3,038 380 , 652 361 52,931 
1952 2,896 383,548 772 54' 703 
1953 2,865 386,413 682 55,385 
1954 2,883 389,296 639 56,024 
1955 2,793 392,089 675 56,699 
1956 2,582 394, 671 604 57,303 
1957 2, 405 397,076 569 57,872 
1958 2,482 399,558 483 58,355 
1959 2,456 402,014 279 58,634 
1960 2, 119 404,133 204 58,838 
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TABLE 6- Continued. 
Lease Number 7 8 
Yearly Cumulative Yearly Cumulative 
Production Production Production Production 
Year BBLS BBLS BBLS BBLS 
1925 & 1926 100,000* 
1927 11,000* 111, 000 
1928 6,700* 117 J 700 
1929 3,646* 3,646 4,700* 122,400 
1930 4, 200* 7,846 3,600* 126,000 
1931 4, 020* 11,a66 2,935 128,935 
1932 3,828* 15,694 2,411 131,346 
1933 3,624* 19,318 1,975 133,321 
1934 3,480* 22,789 
1935 3,288* 26,086 
1936 3,144* 29,230 
1937 3,000* 32,230 
1938 
1939 
1940 
2,856* 
2,724* 
2,592* 
35,086 
37 J 810 
40 J 402 
§ 
0 
"O 
1941 
1942 
2,460* 
2,340* 
42,862 
45 J 202 
.µ 
;:l
...c: 
en 
1943 
1944 
1945 § 
1946 0 
"O 
1947 
.u 3J109 136,430 
1948 ;:l
..c: 2,292 138, 722 
1949 en 1,959 140,681 
1950 1,493 142,174 
1951 1, 504 46,706 1,041 143,215 
1952 3,813 50,519 951 144,166 
1953 4,983 55,502 987 144,953 
1954 4, 996 60,498 834 145,787 
1955 5,051 65,549 673 146,460 
1956 4,830 70,359 498 146,958 
1957 4,262 74,641 508 147,466 
1958 3, 969 78,610 452 147,918 
1959 3,488 82,098 379 148,297 
1960 3,365 85 J 46-3 381 148,678 
*Estimated Production 
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TABLE 6 -~·,Continued . 
Lease Number 9 10 
Year 
Yearly 
Production 
BBLS 
Cumulative 
Produc ti.on 
BBLS 
Yearly 
Production 
BBLS 
Cumulative 
Production 
BBLS 
1925 & 1926 13,000* 98,000* 
1927 5,120* 18,120 24,400* 122,400 
1928 4, 170* 22,290 17,800* 140' 200 
1929 3,600* 25,890 14, 300* 154, .500 
1930 3' 200* 29,090 10,767 165,267 
1931 2,489 31,579 11, 461 176,728 
1932 2,683 34,262 7,155 183,883 
1933 2,294 36,556 7,769 191,652 
1934 2, 776 39,332 7,644 199,296 
1935 2, 296 41,628 6, 602 205,898 
1936 2,233 43,861 6,593 212,491 
1937 2,161 46' 022 6, 205 218,696 
1938 2,020 48,042 5,669 224,365 
1939 1,893 49,935 5,065 229,430 
1940 1,834 51,769 5' 278 234,708 
1941 1,534 53,303 4,826 239,534 
1942 1,191. 54,494 4,575 244,109 
1943 779 55,273 4,384 248,493 
1944 709 55,982 4, 192 252,685 
1945 381 56,363 4,002 256,687 
1946 451 56,814 3,853 260,540 
1947 302 57' 116 3,784 264,324 
1948 442 57,558 3,680 268,004 
1949 385 57,943 3,493 271, 497 
1950 456 58,399 3' 40.5 274, 902 
1951. 616 59,015 3,192 278,094 
1952 528 59,543 3,193 281,287 
1953 557 60' 100 2, 710 283,997 
1954 595 60,695 2,607 286,604 
1955 566 61,261 2,331 288,935 
1956 592 61,853 2, 752 291,687 
1957 561 62,414 2,315 294,002 
1958 603 63,017 2,353 296' 355 
1959 606 63,623 2, 520 298,875 
1960 l, 774 65,397 l,834 300' 709 
*Estimated production 
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TABLE 6·-- Continued. 
Lease Number 11 12 
Yearly Cumulative Yearly Cumula tive 
Production Production Production Produc tion 
Year BBLS BBLS BBLS BBLS 
1925 & 1926 146 , 000* l 72 JOOO* 
1927 27 ,700* 173,700 31,100* 20.3' 100 
1928 19 , 000* 192, 700 21, 200* 224,300 
1929 14, 600* 207' 300 16' 200* 240 , 500 
1930 7,319 214,619 9,507 2.50 , 007 
1931 7,939 222,558 11, 165 261,172 
1932 5,694 228,252 7,416 268 , 588 
1933 5,200 233,452 6,901 275 , 489 
1934 5' 913 239,365 7,668 283,157 
1935 5' 902 245,267 6,409 289,566 
1936 5' 704 250' 971 6,179 295,745 
1937 5,501 256' 472 5,896 301,641 
1938 5,087 261,559 5,048 306,689 
1939 4,495 266,054 4,478 311 ; 16 7 
1940 4,387 270,441 4,678 315,845 
1941 4, 171 274,612 4,486 320,331 
1942 3,886 278,498 4, 209 324,540 
1943 3, 596 282,094 3,942 328,482 
1944 3,557 285,651 ' 3' 752 332,234 
1945 3,340 288,991 3,578 335,812 
1946 3,064 292,055 3,405 339,217 
1947 3,008 295,063 3,215 342,432 
1948 3,058 298,121 3,098 345,530 
1949 2, 961 301,082 2,672 348,202 
1950 3,179 304,261 3,012 351, 214 
1951 2,931 30 7' 192 2, 713 353) 927 
1952 2, 820 310,012 2,658 356,585 
1953 2, 777 312,789 2,412 358,997 
1954 2,638 315,427 2,069 361,066 
1955 2,531 317,958 2,216 363,282 
1956 2,558 320' 516 2, 143 365 , 425 
1957 2,304 322, 820 1,986 36 7' 411 
1958 2,416 325 , 236 1, 819 369 , 230 
1959 2,565 327 , 801 2, 059 371 , 289 
1960 2, 535 330 , 336 1, 737 373 , 026 
*Estimated production 
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TABLE 6·- Cont inued. 
Lease Number 13 14 
Yea r l y Cumula tive Yearly Cumula tive 
Production Production Production Producti.on 
Year BBLS BBLS BBLS BBLS 
1925 & 1926 215 , 000* 
1927 40 , 000* 255 , 000 
1928 27,300* 282 , 300 
1929 20 , 900* 303 ' 200 
1930 12,185 315 , 385 
1931 13,739 329 , 124 
1932 11, 381 340 , 505 
1933 8,997 349,502 
1934 9,184 358,686 
1935 8,661 367 , 347 
1936 518 518 8,095 375 , 442 
1937 1,160 1,678 7,494 382 , 936 
1938 1,020 2,698 6,827 389 , 763 
1939 1, 033 3, 731 6,153 395,916 
1940 1, 115 4,846 6,310 402 , 226 
1941 895 5, 741 5,673 407,899 
1942 679 6, 420 5 , 430 413,329 
1943 725 7,145 5,212 418,541 
1944 781 7J 926 4,913 423,454 
1945 629 8,555 4,332 427,786 
1946 864 9,419 4,230 432 , 016 
1947 2,829 12,248 4,295 436 J 311 
1948 4,552 16,800 3,672 439,983 
1949 3,321 20 , 121 2,320 442,303 
1950 2, 257 22 , 378 2,892 445,195 
1951 1, 711 24,089 3,480 448,675 
1952 1,598 25,687 3,495 452,170 
1953 1,331 27J018 2, 917 455,087 
1954 1,309 28 , 327 3,121 458, 208 
1955 1,049 29,376 2, 626 460,834 
1956 859 30 J 235 2, 777 463 J 611 
1957 932 31,167 2,518 466 , 129 
1958 864 32,031 2, 686 468 , 815 
1959 749 32,780 2, 473 471 , 288 
1960 712 33 , 492 2, 440 473 J 728 
*Estimated production 
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0TABLE 6 , - Continued . 
Lease Number 15 16 
Yearly Cumulative Yearly Cumulative 
Production Produc tion Production Prod uction 
Year BBLS BBLS BBLS BBLS 
1925 & 1926 
1927 66 , 800* 
380,000* 
446,800 4,400* 
22 , 000* 
26 , 400 
1928 
1929 
45,400* 
34' 200* 
492,200 
526 ,400 
3,050* 
2,360* 
29,450 
31,81.0 
1930 13 ' 624 540 , 024 1, 935 33,745 
1931 23,299 563 ,323 1, 880 35,625 
1932 20,347 583,670 2, 019 37,644 
1933 14, 797 598,467 1,141 38,785 
1934 16 ,784 615,251 1,947 40,732 
1935 14, 296 629,547 2, 031 42,763 
1936 12,857 642 ,404 1,991 44 ,754 
1937 12 , 197 654 , 601. 2,200 46 , 9.54 
1938 10 , 651 665,252 2, 526 49 ,480 
1939 9' 963 675 ;215 2,483 51 , 96.3 
1940 11, 553 686,768 2,618 54,581 
1941 10,317 697 , 085 2, 610 57,191 
1942 9,934 707 , 019 2,795 59 , 986 
1943 9' 061 716 ' 080 . 3,031 63 ,017 
1944 8,174 724, 254 2, 737 65 ,754 
1945 7, 856 732 , 110 3,060 68 , 814 
1946 7,167 739,277 2,493 71, 307 
1947 6,417 745,694 2,474 73 ,781 
1948 5,868 751,562 2,574 76,315 
1949 5' 750 757,312 2,528 78l883 
1950 5,313 762, 625 2,309 81 ,192 
1951 4,858 767,483 2,286 83 ,478 
1952 4,922 772, 405 2,534 86 , 012 
1953 4,333 776, 738 2,239 88' 251 
1954 4,089 780 , 82 7 2,622 90 , 873 
1955 3, 801 784,628 2,579 93,452 
1956 3,454 788,082 2,200 95 , 652 
1957 3,758 791,840 2,220 97 ,872 
1958 3,378 795,218 2,269 100,141 
1959 2, 384 797,602 2, 100 102, 241 
1960 2,304 799,906 2,159 104' 400 
*Estimated production 
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TABLE 6 ·- Continued , 
Lease Number .17 18 
Yearly Curnula tive Yearly Cumula tive 
Production Production Production Production 
Year BBLS BBLS BBLS BBLS 
1925 & 1926 73, 800* 42,500* 
1927 17,200* 91,000 16,800* 59' 300*' 
1928 12,300* 103' 300 13,700* 73,000 
1929 9,600* 112, 900 11, 800* 84,800 
1930 5,590 118)490 8,999 93, 799 
1931 5,915 124,405 5,526 99,325 
1932 6,069 130,474 4,000 103,325 
1933 2,555 133,029 4, 723 1,08' 048 
1934 4,253 137,282 7,952 116,000 
1935 4,652 141,934 7' 109 123,109 
1936 3,951 145,885 6,761 129,870 
1937 4,150 150,035 6,234 136,104 
1938 3,783 153,818 6,566 142,670 
1939 3,831 157,649 6, 407 149,077 
1940 3,571 161,220 6, 211 155,288 
1941 3,373 164, 593 6,250 161,538 
1942 3,303 167,896 5, 729 16 7,267 
1943 2,713 170,609 5,390 172,657 
1944 2,869 173,478 5,684 178,341 
1945 2,854 176,332 5,378 183,719 
1946 2,274 178,606 5) 120 188,839 
1947 2,306 180,912 5,040 193 , 879 
1948 2,183 183,095 4, 904 198,783 
1949 2,376 185,471 4,630 203,413 
1950 2,464 187,935 4,433 207,846 
1951 2,135 190,070 4,169 212,015 
1952 2,068 192,138 4,038 216,053 
1953 1,959 194,097 3, 964 220' 017 
1954 2,123 196) 220 3,868 223 , 885 
1955 1,984 198) 204 3, 835 227,720 
1956 1,791 199,995 3,594 231,31,4 
1957 1, 708 201, 703 3,675 234,989 
1958 1,680 203,383 3,254 238,243 
1959 1,846 205' 229 3,341 241,584 
1960 1, 774 207,003 3,279 244,863 
*Estimated production 
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TABLE 6 ·-Continued . 
Lease Number 19 20 
Yearly Cumulat ive Yearly Cumulative 
Production Production Production Production 
Year BBLS BBLS BBLS BBLS 
1925 & 1926 21,000* 4,000* 
192'7 9,400* 30 ,400 1,970* 5,970 
1928 7,800* 38,200 1,670* 7,640 
1929 6,900* 45 ' 100 1,500* 9, 140 
1930 5,608 50,708 1,170 10' 310 
1931 5,794 56,502 1,266 11,576 
1932 4,000 60 ' 502 1,200 12, 776 
1933 4,849 65,351 916 13 ' 692 
1934 6' .311 71, 662 1,174 14,866 
1935 4,530 76,1.92 1,187 16 , 053 
1936 4,286 80 , 478 1,030 17, 083 
1937 4,422 84,900 794 17' 877 
1938 4,144 89,044 859 18,736 
19.39 3,827 92, 871 861 19,597 
1940 3,786 96 ' 657 788 20 ,385 
1941 3,597 100,254 772 21,15 7 
1942 2,858 1.0.3,112. 811 21 , 968 
1943 .3, 71.3 106 ' 825 847 22 , 815 
1944 3,743 110,568 748 25,563 
1945 3,379 113,947 799 24 , 362 
1946 3,350 117,297 933 25 , 295 
1947 2,928 120,2.25 858 26 ,153 
1948 3,147 123,372 872 27 ' 025 
1949 2, 911 126,283 850 27, 875 
1950 2,852 129,135 845 28 , 720 
1951 2, 707 131,842 699 29 ,419 
1952 2,797 134,639 644 30,063 
1953 2,616 137,255 595 30,658 
1954 2,787 140,042 642 31,300 
1955 2, 675 142,717 617 31,917 
1956 2,492 145' 209 635 32 , 552 
1957 2, 277 147,486 707 33,259 
1958 2,293 149 ' 779 615 33,874 
1959 2, 2.96 152 , 075 602 34,476 
1960 2,230 154, 305 580 35 , 056 
*Estimated productiono 
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TABLE 6-- Continued. 
Lease Number 21 22 
Yearly Cumulative Yearly Cumulative 
Produc t-Lon Production Product ion. Production 
Year B:BLS BBLS BBLS BBLS 
1925 _&. J.926 51,500* 152, 000* 
1927 8,380* 59 , 880 29,300* 181,300 
1928 5,600* 65,480 20 J 300*' 201., 600 
1929 4, 200* 69,680 15,600* 217,200 
1930 4,496 74,176 12,700* 229,900 
1931 2,857 77) 033 3,224 233,124 
1932 2,800 79,833 9,.376 242,500 
1933 l,409 81,242 6,855 249,35.5 
1.934 2,.577 83,819 6,621 255,976 
1935 2,074 85,893 6,816 262, 792 
1936 2,031 87' 924 6,189 268,981 
1.937 1,732 89 ,656 5,66'7 274,648 
1938 1,481 91 ,137 4,998 279,646 
1939 1, 311 92,448 5, 277 284,923 
1940 1, 125 93,573 4,898 289,821 
1941. 1,040 94,6U 4,071 293,892 
1942 992 95,605 4,058 297,950 
1943 726 96 ) 331 3,894 301., 844 
1944 518 96' 849 3,842 305,686 
1945 926 97 ) 775 3,529 309,215 
1946 840 98 , 615 3, 371 312,586 
1947 592 99 , 207 3, 277 315,863 
1948 678 99 , 885 2,944 318,807 
1949 615 100) .500 2,542 321,349 
1950 576 101, 076 2,600 323, 949 
1951 555 101,631 3,221 327,170 
1952 573 102, 204 3,681. 330,851 
1953 538 102, 742 3, 206 334,057 
1954 556 103,298 2, 627 3369684 
1955 491 103' 789 2,446 339' 130 
1956 465 104) 254 2, 577 341,707 
1957 490 104,744 2,358 344,065 
1958 447 105 , 191. 2,306 346) 371 
1959 484 105,675 2,173 348,544 
1960 422 106 ,097 2, 025 350,569 
*Estimated production 
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TABLE 6 ~, Continued. 
Lease Number 23 32 36 
Yearly Cumulative Yearly Cumulative Yearly Cumulative 
Production Production Production Production Production Production 
Year BBLS BBLS BBLS BBLS BBLS BBLS 
No production data available prior to 1956 . 
1956 2,205 2,205 
1957 2,138 4,343 
1958 1,027 5,370 3,121 3,121 632 632 
6,248 1,393 4,514 1,641 2, 273 1959 878 
645 2,9181960 863 7,111 618 5,132 
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TABLE 6 ~Continue d. 
TOTAL FIELD 
Year ly Yearly Cumulative 
Field Total Accounted Fie ld Total 
Year BBLS For, BBLS BBLS 
1925 & 1926 4,318,935 3,075,133 4, 318,935 
192. '7 726' 270 589,166 5,045 , 205 
1928 481,176 409J196 5 J 526 J 381 
1929 356 , 800 318,589 5, 883, 181 
1930 297 J 721 231,106 6, 180 , 902 
1931 259,595 208,894 6,440,491 
1932 215 , 123 178,725 6, 655 , 620 
1933 179,857 151,213 6, 835 , 477 
1934 161,819 154,338 6, 997, 296 
1935 150 , 32.3 138,857 7,147, 619 
1936 137,164 129,281 7,284, 783 
1937 125 , 174 121,211 7,409,957 
1938 113 J 254 111, 477 7,523 , 211 
1939 102, 461 101_, 932 7' 625 ' 6 72 
1940 106 , 003 105' 118 7, 731,675 
1941 97 J 719 97,244 7,829,394 
1942 92,372 91,853 7, 921 , 766 
1943 82 , 964 82, 964 8, 004J 730 
1944 82,043J 82, 043 8,086, 773 
1945 75,647 75,647 8' 162, 420 
1946 71 , 622 71 _, 622 8, 234,042 
1947 86,161 86,161 8, 320' 203 
1948 86,218 86,218 8,406,421 
1949 75 , 889 75,889 8,482,310 
1950 72, 281 72,281 8,554,591 
1951 69,606 69,606 8,624,197 
1952 69 J 204 69 J 204 8 , 693, 401 
1953 62, 252 62, 252 8, 755 , 653 
1954 61,490 61,490 8, 81 7,143 
1955 58 , 419 58,419 8, 875,562 
1956 57 ,387 57J387 8' 932, 9.49 
1957 54, 053 54,053 8, 987 , 002 
1958 53, 760 53 , 760 9, 040 , 762 
1959 43 , 814 43,814 9, 084, 574 
1960 41,750 41,750 9, 126,324 
TABLE 7 
CALCULATION OF RESERVES TO ZERO RATE 
Type of Equa t ion: 
Nri -- qi - q 
D 
D = 2. 303 
log q1 - log q2 
T2 - T1 
Estimated 
Lease (1) (2 ) (3) (4) (5) (6) (7) (8) (9) 
(10) 
D = 
(11) 
NP 
Total Prod . 
to Zero Rate , 
Number ql Time1 q2 Tirne2 log ql log q2 (5) -(6) (4)-(2) (?)/(8) 0 . 192 x (9) (3)/(10) Barrels 
1 725 1,950 530 1, 960 2. 8603 2. 7243 o. 136 10 0.0136 0 . 00261 203,000 1,209,951 
2 221 1,950 147 1, 960 2,3444 2. 1673 0 . 1771 10 0.01771 0 . 00 340 43,250 342) 625 
3 1,001 1,950 405 1, 960 3 . 0004 2.6075 0 . 3929 10 0 . 03929 0 . 00754 53,750 1,348,389 
4 127 1,953 113 1, 960 2.1038 2. 0531 0.0507 7 0 . 00724 0.00139 81 ,400 605,352 
5 270 1,950 190 1, 960 2.4314 2. 2787 0 . 1527 10 0 . 01527 0 . 00293 64 , 900 469' 033 
6 59 1, 953 39 1, 960 1. 7709 1. 5866 0.1843 7 0 . 02633 0 . 00506 7' 520 66,358 
7 375 1,954 282 1, 960 2.5740 2.4.502 0 . 1238 6 0 . 02063 0 . 00 346 81,500 166) 963 
8 76 1, 952 30 1, 960 1. 8780 1. 4829 0.3951 8 0 . 04939 0 . 00948 3,210 151,888 
9 88 1,949 47 1, 960 1. 9445 1.6703 0 . 2742 11 0 . 02493 0 . 00479 9,780 75)17 
10 270 1,950 180 1, 960 2. 4314 2. 2553 0 . 1761 10 0 . 01761 0 . 00 338 .53,300 354,009 
11 230 1, 952 204 1, 960 2. 3617 2. 3096 0 . 0.521 8 0 . 0065 1 0 . 0012.5 163,200 493)536 
12 281 1,946 145 1, 960 2. 4487 2. 1614 0 . 2873 14 0 . 02052 0 .00394 36,800 409,826 
13 129 1,952 58 1, 960 2.1106 1. 7634 0 . 3472 8 0 . 04340 0 . 00833 6, 960 40)452 
14 260 1,952 202 1, 960 2.4150 2.3054 0 . 1096 8 O. OJ. 370 0 . 00263 76,800 550,528 
15 385 1)952 218 1, 960 2. 5855 2. 3385 0 . 2470 8 0 . 03088 0 , 0059 3 36,800 836 . 706 
16 209 1,949 180 lJ 960 2. 3202 2. 2553 0 . 0649 11 0 . 00.590 0 , 00113 158 ,900 263 . 300 
17 181 1,951 149 1, 960 2. 2577 2. 1732 0 . 0845 9 0 . 009 39 0 .00180 82,600 289,603 
18 345 1,9.51 271 1, 960 2. 5378 2. 4330 0 . 1048 9 0 . 01164 0 . 00223 121,500 366)363 
19 235 1,951 188 1, 960 2. 3711 2. 2742 0. 0969 9 0 .010 77 0.00207 90,800 245)105 
20 60 1,951 53 1, 960 1. 7782 L 7243 0.0539 9 0 . 00599 0 . 00ll5 46,100 81,146 
21 46 1,951 37 1, 960 1. 6628 1. 5682 0 . 0946 9 0 . 01051 0. 00202 18' 320 124,417 
22 230 1,952 173 1, 960 2.3617 2. 2381 0 .1236 8 0 . 01545 0 . 00297 58,250 408)819 
23 85 1,958 71 1, 960 1. 9269 1. 8513 0 . 0756 2 0 . 0378 0 . 00726 9, 780 16)891 
32 46 1,959 42 1, 960 1 . 6580 1. 6233 0.0347 1 0 . 3047 0 . 00666 6,300 11, 432 
36 48 1,959 44 1, 960 1.6812 1. 6435 0 . 0377 l 0 . 0377 0 . 00724 6 090 9 . 008 
Tota l 1, 520)810 10)647,134 -..j 
Field 5750 1,950 4)150 lJ 960 3.7600 3 . 6180 0 .1420 10 0.0 142 0,00273 1,520)000 10)646,324 -..j 
TABLE 8 
VOLUME OF •tsERPENTINE" UNDERLYING EACH LEASE AND 
PRODUCTION DATA EXPRESSED ON AN ACRE-FOOT BASIS 
Est. Total 
Total Ac-Ft. Net Reserves Cum. Prod . ) Prod.) Bbls . / Prod .) Bbls./ Prod . Bb ls./ Prod . ) Bb ls . I 
Jse Lease of Effective Bbls . /Ac-Ft. Bbls ,/Ac-Ft. Ac-Ft . to Ac-Ft., 1925 Ac-Ft.) 1941 Ac-Fe .) 1951 
N:ie Number "Serpentine" Acre-Feet to Zero Rate to 1961 Zero Rate t o 1941 to 1951 to 1961 
1 84,000 16)800 12 , l 59 . 9 72.0 50 .2 5. 90 3. 8 
2 31)200 6,240 6 . 93 47 . 98 54 . 9 40 , 3 4 . 8 2. 88 
3 68)600 13, 720 3.92 94 . 08 98 . 0 77 . 5 11.1 5 . 48 
4 57)800 11 , 560 7 . 03 45 , 43 52 . 45 40. l 3 . 8 1. 53 
5 14)600 2) 920 22,25 138 .50 160.75 116 . 0 13 , 1 9. 40 
6 17)400 3)480 2. 16 16 . 89 19 . 05 14 . 3 1.1 L49 
7 8,000 1)600 51.00 53 , 25 104 . 25 25 . 2 3. 0 25 ' 0 5 
8 19)400 3)880 0 . 83 38 , 28 39 , 10 34 . 4 2. 3 1. 58 
9 11) 400 2)280 4.29 28.71 33.0 22 . 7 2.90 3, 11 
10 28,600 .5) 720 9 . 31 52.64 61. 95 41.0 7. 10 4 , 54 
11 6,400 1)280 127 , 75 257 . 75 385.0 214.0 24.0 19 . 75 
12 20) 600 4) 120 8 . 93 90,42 99.35 76 . 6 8 , 8 5 . 02 
13 16)800 3)360 2.08 9 . 93 12 . 0 1.4 5 . 21 3. 28 
14 14,400 2)880 26.65 164 . 35 191. 00 139 . 5 15.5 9 . .3 5 
15 37)600 7) 520 4 . 89 106 . 16 111.05 91. 5 9. 70 4. 96 
16 37,000 7,400 21. 45 14 . 10 35 , 55 7. 4 3.57 
' ' 1.317 22,800 4,560 18 . 10 45 . 30 63 . 40 35.2 6. 0 4.1 
18 10)400 2) 080 58 . 10 117 . 90 176 . 00 74 . 7 25 . l 18 , l 
19 13)600 2) 720 33 . 40 56 . 60 90.0 35 . 6 11. 9 9 , 1 
20 10) 200 2)040 22 . 60 17 . 30 39 . 90 9 . 9 4 . 12 3, 22 
21 7)400 1,480 12 . 40 71 . 60 84 . 00 6.3. 2 5 . 5 2 9 
22 7,800 1)560 36 . 70 225 . 30 262. 00 185.0 22 .5 17, 80 
2.3 15) 200 3) 040 3.22 2.33 5 . 55 
32 17) 700 3)540 1. 78 1.45 3.23 
36 1) 300 260 23 , 40 11. 30 34 . 70 
580) 200 116 J 040 
'-J 
Total CXJ 
Field 646 , 000 
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